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EFFICIENT TIMING CHART CREATION AND MANIPULATION 



5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates generally to the field of creation and use of timing charts and 
particularly to computer-assisted production of such charts. 

10 

2. Background Information 

In designing most digital and some analog systems, designers and engineers 
have long relied upon the use of timing charts to identify signal dependencies, race 
conditions, and the like. In a complex chart, a slight change in the timing of one 
15 signal may have ripple effects throughout the system, and many signals may be in 
need of alteration to accommodate such a change. 

Prior to this invention, the engineer or draftsman needed to modify the 
drawing of the signals by hand or at least signal line by signal line on a computer 
screen in a manual way. The cost in terms of potential errors and person-time was 
20 and remains very high. 

This has been a significant problem since the advent of complex electronic 
systems. It only gets worse as clock signals get distributed among more and more 
components on chips and circuit boards, different kinds of devices with different 
response times get mixed into systems and alternative processing capabilities get 
25 switched in or out for power conservation, increased system throughput based on 
variable demand and other considerations. 

While the components of the system taught by the inventor do exist and are 
readily available, it is not seen anywhere that this problem has been addressed in 
the straightforward manner that it has been handled by the inventor herein. 

30 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow chart illustrating a basic process of the invention. 
Fig. 2 is a block diagram illustrating the elements of a preferred form of the invention 
and their interaction. 

5 Fig. 3 is a timing chart created from the spreadsheet illustrated in Figs. 8A-F 

Fig. 4A is a heuristic timing diagram. 

Fig. 4B is a heuristic timing diagram for explaining various vector signal commands. 
Fig. 5 is a graphic user interface illustration for initiating a new timing chart. 
Fig. 6 is a graphic user interface illustration for adding clocks to a timing chart. 
10 Fig. 7 is a graphic user interface illustration for adding new signals to a timing chart. 

Figs. 8A-F is a spreadsheet used by a preferred embodiment of the invention to 
create the timing chart of the Fig. 3 illustration. 

15 SUMMARY OF THE INVENTION 

The short-hand name for this invention is T-Chart, because it helps simplify 
the drawing of timing charts used by electrical and electronic engineers. A user of 
the invention will compile a spreadsheet file with appropriately arranged data 
corresponding to drawing parameters for each line in a timing chart. Using this file, 

20 a program will manipulate a drawing program to produce a timing drawing from the 
drawing parameters in the spreadsheet file. Because the data from the spreadsheet 
file is used by the invention to direct the drawing program, a user can change data in 
the spreadsheet to change the drawing. Because of the iterative change capacity of 
the Excel spreadsheet program, a change in one data or formula cell can ripple 

25 through to other cells that are dependent on that cell. The result will be 
automatically used to update the timing chart drawn from the revised spreadsheet 
file. Thus, data dependencies that were embodied into the spreadsheet will ripple 
through and modify dependent data automatically. 

The particular components of this system are commonly known. In the 

30 preferred embodiment, the inventor uses the Microsoft® Excel® program as the 
spreadsheet program, and has created templates for ease of organization of the 
data into the appropriate format that the controlling program will use. The controlling 
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program is written in Visual Basic®, which provides a macro-like interface to the 
drawing program. The drawing program of the preferred embodiment is VISIO®, 
also a Microsoft product. The preferred embodiment avoids any likelihood of 
incompatibility by using products all from the same company, Microsoft, 
5 headquartered in Washington State. It is within the skill of the ordinary software 
writer to produce the invention in an alternative form using any drawing program that 
will respond to commands such as the ones used and described herein, with any 
programming language that can give such commands that can also pull data from a 
spreadsheet file. 

10 Also, it should be noted that where within a timing diagram drawing, there are 

dependencies, if the user uses formulae instead of hard numbers in the spreadsheet 
file, the ripple-through recalculation process that the spreadsheet program performs 
will also cause a ripple-through re-jiggering of the drawing to comply with the new 
data. 

is Accordingly, the inventors have described the invention in detail in the next 

section, with reference to the figures, briefly described above. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 Refer first to Fig. 1 in which a flow chart 10 illustrates the basic functions of a 

preferred embodiment of the invention. Initialization 11 occurs by starting the program by 
the user, which sets up a blank file to hold the information that will be needed and prepared 
the formatting that will be required. It is assumed that he user has already created a 
spreadsheet file, which will be used, but if not, the user can build one. This building of a 

25 spreadsheet file for the operation of this invention can be done using macros that operate 
through a graphic user interface, and we disclose three such GUI models in Figs. 5-7. In 
any event, once the spreadsheet file is created, after the T-Chart program is initiated, the 
program needs to know the name of the file and to obtain it 12 from a directory the user may 
indicate to the T-Chart program. At this point, the T-Chart program can read the data from 

30 the named spreadsheet file, and use its commands to run a plotting program, in order to 
display the timing chart that is the result of the parameters from the spreadsheet. This step 
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14 thus produces the display file, which the user can then save or print out 15, as he may 
desire. 

The preferred embodiment uses the Microsoft® Excel® program as the 
spreadsheet program, and thus the spread sheet files are terminated with a ".xls" 
5 suffix. The preferred controlling program of the preferred embodiment is written in 
Visual Basic®, so the files it uses are terminated with a ".vbs" suffix. The drawing 
program of the preferred embodiment is VISIO®, so the files it uses are terminated 
with a ".vsd" suffix. 

The operation of the invention can be seen through the Fig. 2 block 
10 diagram 20, in which the user 21 can enter data or initiate the process. The user 
can enter data directly into the spreadsheet program 24 (in the preferred 
embodiment this is Excel) by using Excel-constructed Graphic User Interface (GUI) 
macros 22, or directly. The spreadsheet program in the preferred embodiment will 
manage the data files 25, which, when using Excel will be marked with a ".xls" 
15 extension. 

The User will initiate the operation of the visual basic program 26 when 
desired. The visual basic program will prompt the user or automatically, as the case 
may be, set up the required environment by opening the spreadsheet program, 
getting the name of the spreadsheet data file, and opening the drawing program. In 

20 the preferred embodiment the spreadsheet program is Excel 24, the drawing 
program is Visio 27, and the user specifies a spreadsheet data file 25 in the format 
"filename.xls." After initialization the procedure called TPIot in the Visual Basic 
program 26 is called upon to get the data from the spreadsheet data file 25. It 
queries the spreadsheet program in the preferred embodiment, although one could 

25 have it obtain the data file and pull data directly from the data file with alternative 
systems. However, since access to .xls files is more easily obtained using the Excel 
program, that is preferred. After each line of the data file is reviewed, interpreted 
and the results sent to the drawing program 27, the procedure TPIot checks to see if 
it has found an END statement in the data file 26a. If not, it calls for the next line 

30 from the Excel data file 26b. Either when the last line has been reached or on a line- 
by-line basis, the result can be displayed on an associated display device 29 by the 
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drawing program 27 by the TPIot procedure 26c. When complete, the user may 
save the plot file (.vsd if using VISIO) 28, and/or ask to have it printed by the drawing 
program on a printer device 29. 

The user may modify this data by providing user modifications 32 after 
5 viewing either the display 29 or the print from 31 . 

Fig. 3 illustrates a sample drawing or plot of a timing chart 30 drawn from the 
spreadsheet file represented in Figs. 8A-F. 

While most of this will be familiar to one of skill in the timing chart art, it is well 
to discuss the kinds of signals represented here, generally first before describing 

io other details. Refer then to Fig. 4A, illustrating the four main kinds of signal patterns 
illustrated in timing charts. Others can be used as well, but these basic kinds will 
suffice for purposes of this discussion. The first signal line 41 shows a basic single- 
pulse scalar signal, having a single rise and fall designating the duration of the pulse 
width. The second signal line 42 shows a minimum pulse width duration 42a and a 

15 maximum pulse width duration 42b, and such signals are called Min/Max type 
signals. The third signal line 43 shows a vectored signal line with transition times at 
the inflection points. The fourth signal line 44 is like the first, in that it is scalar, 
however it could be any type. This is operated by defining a first segment 45 and 
indicating as a parameter in the spreadsheet file how many repetitions 46 will occur. 

20 Fig. 4B illustrates the various vector considerations and should be read with 

the description of the vector command at the end of the preferred embodiment 
command list. 

The preferred embodiment command list is called TChart Commands and is 
reproduced as follows: 

25 

TChart Commands, General Comments. 

Commands names and required option or variable fields are not case 
sensitive. 

30 Except for the vectored label command only the first letter is used the rest of 

the field may be used for an internal comment. (Vectored label commands must 
begin with "L" and end with "V".) 
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The following commands are available for controlling the construction of a 
timing chart. Text in BOLD CAPS is required, text in [square brackets] is optional. 
Text in italics indicates that command operation is reserved for future 
implementation. 

Note: In all the command definitions that follow the commas "," in the definition line 
indicate that the next variable is to be placed into the cell in the next column 
of your excel spreadsheet! 



10 

C[ycles] , TIME , NUMBER , FIRST , CYCLES/PAGE , OPTIONAL TITLE [, BREAK 
, RESUME ] 

The cycle command is required to establish the scale factor of the timing 
chart. 

15 • TIME is the base cycle unit for the chart. 

• NUMBER cycles of TIME unit width will be plotted in the chart area of the 
drawing. 

• The cycle plot is a series of increasing integers beginning with the integer 
FIRST separated by small vertical bars at the beginning of each cycle. 

20 • CYCLES/PA GE specifies the number of cycles on each page when 

NUMBER cycles is to be plotted across more than one page. 

• The OPTIONAL TITLE text will be used in place of the default "CYCLE" 
text if this field is present. 

• BREAK before time n. Place a gap in the plot of traces starting at time n. 
25 BREAK and RESUME are a pair of times indicating the period where 

transitions will not be shown. A vertical gray box will be drawn to show the 
position of the gap. 

• RESUME at time n. Begin plotting traces after the gap starting at time n. 

• A Header command must precede the cycle command. 

30 • The cycle command will be retained for inclusion in the headers of 

following pages. 

D[otted Transition] , T1 [, Comment 1 [, T2 [, Comment 2]]] 

The dotted transition command is the same as the Transition command 
35 shown below except that the lines are drawn as a series of dots. The 

command describes transition times for the traces. 

• T1 is the min. time transition (or the only transition) for this portion of the 
trace, 

• Comment 1 , if supplied, is the comment to be printed between transitions 
40 for t1 and t2 (comments always use normal text). If t2 and comment 2 are 

not supplied than comment one is used in place of comment 2. 
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• 12 is the max. time transition for this portion of the trace. (The point at 
which the trace is totally at the opposite level of the transition.) If t2 is not 
supplied t1 becomes the only transition. 

• Comment 2 will be printed between this transition and the next or the end 
5 of line. 

HINT: To place a dotted pulse above or below a solid line first place a 
hidden glitch at the point of the last transition of the dotted pulse then 
describe the dotted pulse using dotted transition commands. 

10 Note that the dotted line begins at the point of the last transition (or the 

beginning of the trace). 

D[otted Transition] V , T1 , [ Comment 1 ] , FORMAT 

The leading "D" and trailing "V" (case-insensitive) are required for this 
15 command. 

The dotted transition command is the same as the Transition Vector 

command shown below except that the lines are drawn as a series of dots. 

• The leading T and trailing "V" (case-insensitive) are required for this 
command. 

20 • T1 is the time transition for this portion of the trace, 

• Comment 1 , if supplied, is the text to be printed between the last transition 
and the transition at T1 . 

• Format is the required vector level for the portion of the trace ending at 
T1 . Format has four value choices, (0-3), (See T V command below!) 

25 E[nd of plot] 

TChart will plot traces from the first line to the last line of the source excel 
spreadsheet. If an End command is found processing will terminate even though 
there may be more entries beyond that point. 



30 G[litch] , T1 , [Comment [, Type ]] 

The glitch command causes a transition to be plotted at the time specified 
without changing the current level of the trace. If timing values are being 
displayed they will be printed above the transition point. 

• T1 is the time for the specified transition. 

35 • Comment, if supplied, will be printed between this transition and the 

following transition or the end of line. Hidden glitches may be used to 
place comments before the first transition of a signal or on a specific 
area of the line. 

• Type, if supplied, is one of the following: 

40 o > Add a short right tail to the free end of the transition. 

o _ Add short left and right tail to the free end of the 

transition. 
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o < Add a short left tail to the free end of the transition, 

o ~ Hidden glitch. A solid line is drawn to the transition point 

but not the transition or time value. This is useful for positioning 
comments along a segment of a trace. 
5 o | No tail is attached (Default). 

Hfeader] , [Header Text] , [Base] 

The header command defines the page title and the time value for the left 

edge of the drawing. 

10 • Header Text, if supplied, will be printed at the top of each page of the 

output until a new Header command is given. A new Header command will 

cause the current page to be closed and a new page to be started. 

• Base sets an offset time as the value for the left edge of the charting area. 
The default base is 0.0. 
15 • Times supplied in following commands that are less than the Base value 

will not appear on the chart. 



l[nfo] , [Info Text ] , [Command , Type , T1 , T2] 
20 The info command supplies various forms of information to be placed on the 

drawing other than timing trace information. 

• Info commands must be placed at the end of a plot description since they 
will terminate any transition timing being processed. 

• Command is optional. If supplied then see specific requirements for the 
25 Type, T1 , and T2 fields. The allowed command entries are: "None 

entered", Arrows, BeginArrow, EndArrow, OpenBox, and CloseBox. 
o No Command (Type, T1 , and T2 ignored) 

■ The supplied Info Text will be printed, center justified, in the 
chart area between a set of double lines. A centered line will 

30 be placed in the signal text area at the left of the drawing to 

help indicate the locations of info text, 
o A[rrows] , Type , T1 , T2 

■ This command places a pair of marker arrows on a separate 
plot line with attached comment text. If the character 

35 sequences "#T" or "#C" are included in the text they will be 

replaced with the value of the time or the number of cycles 
between T1 and T2 respectively. 

■ Type is currently defined as a 1 . Other numbers are 
reserved for future enhancements. 

40 ■ T1 is the time at which the first arrow is placed. 

■ T2 is the time at which the second arrow is placed. 
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■ Info Text is the comment text to be placed with the arrows. 
Placement is dependent on the location and spacing of the 
arrows. 

o B[eginArrow] , Type , T1 , T2 
5 ■ This command marks the location in the previous trace from 

which a dotted line will be dropped to an accompanying 
EndArrow command. 

■ Type (1 - 1 0) is the number of the Begin/EndArrow set 
being specified. 

io ■ Tlis the time at which the drop for the first arrow is placed. 

■ T2 is the time at which the second arrow will be placed. 

■ Info Text is the comment text to be placed with the arrows. 
Placement is dependent on the location and spacing of the 
arrows. If the character sequences "#T" or "#C" are included 

15 in the text they will be replaced with the value of the time or 

the number of cycles between T1 and 12 respectively, 
o E[ndArrow] , Type 

■ This command marks the location where the arrow set is to 
be placed in the drawing. The dotted line dropped from T1 

20 of the BeginArrow command is terminated and the marking 

arrows and comment text is entered. 

■ The EndArrow command must be placed at the end of a 
trace definition since it will terminate the trace and create a 
new line on the drawing. 

25 ■ Type (1 - 1 0) is the number of the Begin/EndArrow set 

being specified, 
o OfpenBox] , Type , T1, T2 

■ The OpenBox command marks the left and right boundaries 
of a point above the previous trace from which a shaded box 

30 will be drawn to corresponding points below an 

accompanying CloseBox command. 

■ Type (1-10) is the number of the Open/CloseBox set being 
specified. 

■ T1is the time at which the left edge of the box is placed. 
35 ■ T2 is the time at which the right edge of the box will be 

placed. 

■ Info Text is the comment text to be placed within the bottom 
edge of the box. If the character sequences "#T" or "#C" are 
included in the text they will be replaced with the value of the 

40 time or the number of cycles between T1 and T2 

respectively, 
o C[loseBox] , Type 

■ This command marks the location where the bottom of the 
shaded box set is to be placed in the drawing. 
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• Type (1-10) is the number of the Open/CloseBox set being 
specified. 

L[abel] , [Label Text] , LEVEL 
5 The label command is required to define the beginning of each trace of the 

drawing. 

• The Label Text, if supplied, ( app 20-25 characters depending on the 
number of caps) will be printed, center justified on the left margin of the 
timing trace that is to follow. If more characters are used the text will wrap 

10 in the allowed area. Up to three lines of wrapped text is generally the limit 

for readability. 

• The initial LEVEL must be a 0 or 1 and is the base level of the timing trace 
to follow. (Required) 

• Each label command marks the beginning of another trace. Traces that 
15 are in progress will be completed at their current level to the right margin 

of the drawing. 

L[abel] V , [Label Text] , FORMAT 

The vectored label command is similar to the label command except that it 

20 defines the beginning of a trace that is in vectored format. 

• The leading "L" and trailing "V" (case-insensitive) are required for this 
command. 

• The Label Text, if supplied, ( app 20-25 characters depending on the 
number of caps) will be printed, center justified on the left margin of the 

25 timing trace that is to follow. If more characters are used the text will wrap 

in the allowed area. Up to three lines of wrapped text is generally the limit 
for readability. 

• The FORMAT must be a 0 , 1 , 2 , or 3 and specifies the initial level of the 
timing trace to follow. (Required). If the FORMAT on the LV command 

30 matches the FORMAT on the first DV or TV command then no transition is 

indicated at TO. If they are different an appropriate transition mark is 
drawn. 

o 0 Drawn as one line at the bottom as though all bits of the vector 
are zeros. 

35 o 1 Drawn as one line at the top as though all bits of the vector are 

ones. 

o 2 Drawn as two lines, one at the top and one at the bottom of the 
trace. 

o 3 Drawn as one line at the midpoint of the trace (Tri-state). 
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10 



• Each label command marks the beginning of another trace. Traces that 
are in progress will be completed at their current level to the right margin 
of the drawing. 

M[arker] , T1 [ , t2 [, t3 ], tn]]] 

A light dotted vertical line will be drawn across the page at the time[s] 
specified. 

• Each of the times T1- n specifies the point in time at which a vertical 
line will be drawn. 



M[arkers] , Repeated] , Number of repeats , Repeated cycle time , T1 [ , t2 [, t3 ], 
tn]]] 

A light vertical line made up of varying patterns of dots and dashes will be 
drawn on the page at the times specified. Each of the times T1, t2, etc. will have a 
15 different pattern. All specified patterns will be repeated for each repeated cycle until 
the end of the cycle count, or the right margin is reach. 

• R is a letter indicating that this is to be a repeated marking pattern. 

• NUMBER specifies the number of repeated patterns to plot. If 
NUMBER is zero the pattern will be repeated until one of the lines 

20 reached the right margin of the page. 

• The repeated cycle time determines the period of the pattern. (If the 
time is 10 then 10 will be added to each of T1, t2 etc. for each 
repeated pattern. 

• Each of the times T1 - n specifies the point in time at which a vertical 
25 line will be drawn. At least one time must be specified. 



0[ptions] , 01 [, o2 ... [, o5]] 
30 (Note: Use a single tick mark (') to precede the + or - in your excel 

spreadsheets to prevent excel from attempting to interpret your entry as 
a number!) 

Options 01-5 may be any of the following: 
35 +A Adjusts text to print only with a minimum separation to prevent 

the numbers from being on top of each other. 
-A Prints all number text. (Default) 

+B Prints a border around the page with the header information in 
40 the lower lines of the page. (Default) 

-B Plots page with no border or header. Spacing and margins are 
set up to allow insertion into other documents (Word etc.). Must 
precede the header line to be included on the first page. 
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+C Sets the color of the following text and lines to one of the 
following: 

+Cred, +Cgreen, +Cblue, +Cyellow, +Cviolet, +Ccyan. 
5 -C Returns the text and line color to black. (DEFAULT) 

+L Set the page format to Landscape. (DEFAULT) 

If a chart has been started this will also start a new page. This 
command must precede any other commands in order to 

10 have the first page in portrait format. Options +-B and +-S 

must precede this option if they are to be applied to the 
new page. 
-L Set the page format to Portrait. 

If a chart has been started this will also start a new page. This 

15 command must precede any other commands in order to 

have the first page in portrait format. Options +-B and +-S 
must precede this option if they are to be applied to the 
new page. 

20 +N Display timing values below the charted transition point for T2 

timing entries. (Default) 
-N Do not display timing values below the T2 charted transition 
point. (Does not affect transition timing values above the 
charted transition points. Compresses the distance between 

25 plotted lines by the amount of the text height.) 

+T Display transition timing values above and below that charted 
transition points. 
(DEFAULT) 

30 -T Do not display timing value text. 

+S Specify the page size for the plot. Sizes available are A-E. 

Pages B-E are only available on the plotter. Must precede the 
header line to be included on first page. 
35 -S Same as +S. 

+Z Display ". 0" on values that end as an integer. 

-Z Do not display ". 0" on integer values. (DEFA UL T) 

40 

Option commands that precede the first Label command will be included in 
the headers of the following pages. 
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The T and Z options may be changed as desired throughout the body of the 
page and will carry over into charts that follow on automatically generated 
new pages. 

5 P[hase] , WIDTH , OFFSET , [ Level] , [Name Text] , [Cycle Time] 

Phase commands generate a pulse for each cycle defined in the cycle 
command above. Only the initial transition of each phase will be labeled with 
the time value. 

• WIDTH is the width in time units of the active portion of the phase pulse 
10 beginning at the start of each cycle plus OFFSET. 

• Level is the initial level of the phase ( 1 or 0 ) (Default level is 0). 

• Name Text is the label to be printed to the left of the phase plot line. 

• Cycle Time allows the user to specify a cycle time other than the one 
specified in the CYCLE command without changing the base cycle of the 

15 plot. 

• Phase commands that precede the first label command will be included in 
the headers of following pages. 

R[epeat] , [Label Text] , [Level] , TIME , NUMBER 
20 The repeat command is like a non-vectored label command except that the 

transition commands (T , D , & G) that follow it are repeated NUMBER times 
using TIME as the width of the repeat cycle. 

• The Label Text, if supplied, ( app 20-25 characters depending on the 
number of caps) will be printed, right justified on the left margin of the 

25 timing trace that is to follow. If more characters are used the text will wrap 

in the allowed area. Up to three lines of wrapped text is generally the limit 
for readability. 

• The initial LEVEL must be a 0 or 1 and is the base level of the timing trace 
to follow. (Default level is 0). 

30 • Each repeat command marks the beginning of another trace. Traces that 

are in progress will be completed at their current level to the right margin 
of the drawing. 

• Repeat commands that precede the first label command will be included in 
the header of following pages. 

35 

Transition ], T1 [, Comment 1 ] , [ T2 [, Comment 2]] 

The transition command describes the transition times for the traces; points 
where the trace switches from one logical level to another. 

40 • T1 is the min. time transition (or the only transition) for this portion of the 

trace, 

• Comment 1 , if supplied, is the comment to be printed between transitions 
for t1 and t2. If t2 is not supplied than comment one is not used. 
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• 12, if supplied, is the max. time transition for this portion of the trace. (The 
point at which the trace is totally at the opposite level of the transition.) If 
t2 is not supplied t1 becomes the only transition. 

• Comment 2, if supplied, will be printed between this transition and the next 
5 or the end of line. 

Transition ] V , t1 , [ Comment 1 ] , FORMAT 

The vectored transition command describes the transition times for the traces; 

points where the trace switches from one logical level to another. 

io • The leading T and trailing "V" (case-insensitive) are required for this 

command. 

• T1 is the time transition for this portion of the trace, 

• Comment 1 , if supplied, is the text to be printed between the last transition 
and the transition at T1 . 

15 • Format is the required vector level for the portion of the trace ending at 

T1 . Format has four value choices, (0-3), where: 

o 0 - is a trace segment drawn only at the lower (0) level of the trace, 
o 1 - is a trace segment drawn only at the upper (1 ) level of the trace, 
o 2 - is a pair of traces drawn at both the lower and upper level of the 
20 trace, and 

3 - is a trace segment drawn at the mid point of the trace. (See Fig. 

4B). 

25 The first draft of a timing chart can easily be created through the use of 

graphic user interface static screens such as are illustrated in Figs. 5-7, screens 50, 
60, and 70, respectively. These can be called through the Visual Basic T-Chart 
program by a user. In Fig. 5's screen 50, a new worksheet can be started or one 
may be cleared using this screen. When the appropriate information is entered in 

30 the screen, the button marked "Write to Excel" can be clicked to cause the code 
supporting this screen to generate a spreadsheet file (.xls file), which using the data 
entered in the space "Drawing title" would be called TimeChart". Clearly, these 
screens could be modified to suit a particular environment where other basic 
functions will be needed for an organization's time charts to include them, and 

35 rearrangement may be desirable as well. The next screen 60, Fig. 6, allows for the 
addition of clocks, and the screen in Fig. 7, (70) adds one-signal lines. It may be 
easier to work directly with the spreadsheet file through the spreadsheet program to 
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modify the timing chart and produce additional drafts of the .xls file, once the format 
of the file is created by the macros using the GUIs. 

Refer now to Fig. 3. in tandem with Figures 8A through 8F. 
The first column of the .xls file is used to indicate to the TChart program (the 
5 TPIot procedure therein) a command for drawing something, so the list of commands 
is reviewed and the appropriate one found by the TPIot procedure. Thus 0 or 
Options is first checked reading the first column in the first line (or row). A plus lower 
case "L" appears in the second column, which means set the drawing to 
LANDSCAPE mode. The minus capital "B" in the next column means to have no 
io border. Then the next line is read by the TPIot procedure in the TChart Visual Basic 
h program. The next line starts with "H" meaning header information will be in this 
row, and it will be printed in the first line of the display or print-out/plot. As a 
00 convenience, the authors have placed the pathname in this line automatically. 
5 The next line is defining the cycle timing. IT provides the length of each 

K 15 cycle, the number (header or names) of each cycle (2-51, an indication where a 
jL break will be placed in the printed chart (between 50 and 450 time units), and 

ir: specifies the length of a time unit. 

The clock phases are defined in the next line. A minus "T" indicates no timing 
u data to be displayed. The next line identifies the clock phases and displays a title as 

20 per the title given in the second column, starting at time = zero and repeating at 10 
time units. The next rows define where the phases are to be reported within each 
cycle. Note that because we are using a spreadsheet, the 10 unit time cycle time 
can be broken easily into four congruent segments by using a formula in the second 
T" (transition) row for this line where the formula is current column at row this minus 
25 1+1 .25, and rippling this formula down. The result will be a variable to be supplied 
by the user in the first row (here it's zero), followed by an incremental advance of 
1.25 time units as one moves down the row. This and similar uses of formulae 
within spreadsheet cells is commonly understood, and can be put to good use 
anywhere some value should be dependent on another within the timing chart. 
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Vertical lines can be introduced into the chart lines using the Mark command, 
and here, in the next row after a blank row is a Mark command that writes all its 
marks into the cut between cycle 10 and cycle 48, so no display appears in Fig. 3. 

The visible signal line from the spreadsheet row starting "Label" , "First 
5 Signal" is a base level 1 (meaning it starts at "hi"). The first transition is at 10 time 
units, and comment 1 (C1) is placed at that transition. In Fig 3 this shows up at the 
transition between the 3 rd and 4 th cycle, 20 nanoseconds from the -10 line, which is 
1 0 ns from the zero line at the start of cycle 3. 

The rest of the operation is fairly straightforward and requires little further 
10 explanation, but there are a couple of items worth mentioning. 

Toward the bottom of Fig. 8B, the row marked "Info / Mark #T ns. Third test of 
text" causes arrows to be drawn between the text box and points at 80 and 488 
nanoseconds (the time units of this figure), and the calculation result is placed into 
the "#T" symbol in its location within the label. You will note that on Fig. 3 this 
15 calculation is 0.5 ns off. This is because the column in the spreadsheet row where 
the 488 appears has been shortened and the rounding error has been introduced 
into the .xls display, but since the TPIot procedure gets its data from the Excel 
program, the original number, 487.5 (not shown) is used in the calculation. This is a 
calculation done in the Visual Basic program TChart, not by Excel, in this case. 
20 Another feature worth noting is illustrated with reference to the bottom of 

Fig. 8c showing a label "Skip line" and in the next line a Glitch being forced to 
appear off the right side of the page. Later versions of the program allow a 
statement Skip Line to be handled by a new command of that name, to allow an 
unlabeled line skip. 

25 Finally, the appearance of the word "END" in a first column at the top of 

Fig. 6E indicates that any data following that is to be ignored and that the TPIot 
routine has completed its work with respect to this .xls spreadsheet file. Data after 
that can be used for referenced formulae for calculations, holding drafts of lines, and 
the like as may be desired by the user. 
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The user can create any number of similar .xls files using commands like the 
ones described herein, and the principles just described can be used with other 
spreadsheet programs as may be desired and produced by the reader. 

The TPIot routine that is the main subroutine or .vbs procedure in its currently 
5 preferred form is reproduced below: 



Public Sub TPIot() 
Dim PathName As String 
10 Dim FileName As String 

Dim WorkSheetName As String 

_ Const StartRow = 1 

U Const End Row = 1 0000 

" Dim t1 As Double 

l l% Dim t2 As Double 

rf Dim t3 As Double 

f~ Dim c1 As String 

Z; 20 Dim c2 As String 

ly Dim opt As String 

J\. Dim typ As Integer 

!T ; : Dim n As Integer 

^ Dim first As Integer 
25 Dim TestStr As String 

P Dim MyXL As Object ' Variable to hold reference to Microsoft Excel. 

Dim Ws As Object 

Dim ExcelWasNotRunning As Boolean ' Flag for final release. 
30 Dim DotHold As Boolean 



"Create a new document 
Set DocumentObj = Documents.ltem(l) 
35 Set PagesObj = DocumentObj.Pages 

'Ask to Delete old pages and restart 
oldPages = PagesObj.Count 

n = MsgBoxfl found " & oldPages & " pages in this drawing." & Chr(13) & Chr(13) & "May 
40 I delete them all?", vbYesNo, VerTxt) 
If n = vbNo Then 

n = MsgBox("Do you want to start this drawing on a new page?", vbYesNoCancel, 
"Question:") 

If n = vbYes Then 
45 Set PageObj = PagesObj.Add 

Elself n = vbNo Then 
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Call MsgBox("Please delete unwanted pages before restarting TChart!" & Chr(13) & 
Chr(13) & "Note: Menu items 'Edit/Drawing Page' and 'Edit/Go to' will" & Chr(13) & " 
allow you to maintain pages within your drawing!", vblnformation) 
Exit Sub 
5 Else 

Exit Sub 
End If 

Elself n = vbYes Then 
While oldPages > 1 
10 Set PageObj = ActivePage 

PageObj. Delete 1 
oldPages = oldPages - 1 
Wend 
End If 

15 

'Clear all lines from a possible old drawing 
\Z ActiveWindow.SelectAII 
y ActiveWindow.Selection. Delete 

D 

jj j 20 'Set the default to landscape mode 
W DocumentObj.PrintLandscape = 1 

W Call SetDefaults 

W Call SetUpVars ' Load the initial values 

: 25 

H 'Read path/file/worksheet name defaults 

fU PathName = GetSetting('TChart", "Defaults", "PathName", "Q:/cpd/projects/cmp2/mem/") 

5 FileName = GetSetting("TChart", "Defaults", "FileName", "tplot") 

D WorkSheetName = GetSetting("TChart", "Defaults", "WorkSheetName", "PLOT") 

D 30 

H PathName = lnputBox("Enter Excel Pathname", , PathName) 

If PathName = "" Then 

MsgBox ("Path is required! TChart terminated.") 
Exit Sub 
35 End If 

FileName = InputBoxfEnter Excel Filename", , FileName) 
If FileName = "" Then 

MsgBox ("File name required! TChart terminated.") 
40 Exit Sub 
End If 

WorkSheetName = lnputBox("Enter the sheet name", , WorkSheetName) 
If WorkSheetName = "" Then 
45 MsgBox ("Excel sheet name required! TChart terminated.") 
Exit Sub 
End If 

' n = MsgBoxfCompress Output File? (Reduces file size, but adds processing time)", 
50 vbYesNo, "Question:") 



18 



Attorney's Docket No. RA-5425 
12/20/2001 



PATENT APPLICATION 
Express Mail No. ET351 442297 US 



' If n = vbYes Then 
' ReduceSize = 1 
' End If 
ReduceSize = 0 

5 

"Save path/file/worksheet name defaults 

Call SaveSettingCTChart", "Defaults", "PathName", PathName) 

Call SaveSetting("TChart", "Defaults", "FileName", FileName) 

Call SaveSettingCTChart", "Defaults", "WorkSheetName", WorkSheetName) 

10 

FileName = PathName & FileName 
If lnStr(1, FileName, ".xls", vbTextCompare) < 2 Then 
FileName = FileName & ".xls" 
End If 

15 

SSFileName = FileName 
SSSheetName = WorkSheetName 

' Test to see if there is a copy of Microsoft Excel already running. 
20 On Error Resume Next ' Defer error trapping. 

' Getobject function called without the first argument returns a 

' reference to an instance of the application. If the application isn't 

' running, an error occurs. Note the comma used as the first argument 

' placeholder. 
25 Set MyXL = GetObject(, "ExceLApplication") 

If Err.Number <> 0 Then ExcelWasNotRunning = True 

Err.Clear ' Clear Err object in case error occurred. 

ExcelWasNotRunning = False 

' Check for Excel. If Excel is running, 
30 ' enter it into the Running Object table. 

DetectExcel 

'Set the object variable to reference the file you want to see. 
Set MyXL = GetObject(FileName) 

35 

' Show Microsoft Excel through its Application property. Then 
' show the actual window containing the file using the Windows 
' collection of the MyXL object reference. 
MyXLApplication.Visible = True 
40 MyXL.Parent.Windows(1 ).Visible = True 

' Do manipulations of your file here. 

Set Ws = MyXL.Worksheets(WorkSheetName) 

45 

For i = StartRow To End Row 
If Abort Then Exit For 

TestStr = StrConv(Ws.Cells(i, 1).value, vbUpperCase) 
50 TestChr = Left(TestStr, 1 ) 
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10 



t1 =0 
t2 = 0 
d = "" 
c2 = "" 

ErrorMsg = "Error - " & ErrorCount & ", Excel line " & 
Select Case TestChr 
Case "" 

'Null input - Comment line - Ignored by TChart 



Case "T" Transitions ' 
If NewLine Then 

Call CountErrorsfTransition command out of order!", ErrorMsg) 
Exit For 
15 End If 

If InitialHdr Then 
HdrNdx = HdrNdx + 1 
For j = 1 To 5 

HdrSavO, HdrNdx) = Ws.Cells(i, j).value 
20 Nextj 
End If 

DotOn = False 

t1 = CDbl(Format(Ws.Cells(i, 2).value, dPIaces)) 
d = Ws.Cells(i, 3). value 
25 If lsEmpty(Ws.Cells(i, 4).value) Then 

t2 = t1 - 1 'make sure t2 is not used later 
Else 

t2 = CDbl(Format(Ws.Cells(i, 4). value, dPIaces)) 
End If 

30 c2 = Ws.Cells(i, 5). value 

If RepeatActive Then 

SavRptNdx = SavRptNdx + 1 

SavRpt(1, SavRptNdx) = "T" 

SavRpt(2, SavRptNdx) = CStr(t1) 
35 SavRpt(3, SavRptNdx) = d 

SavRpt(4, SavRptNdx) = CStr(t2) 

SavRpt(5, SavRptNdx) = c2 
Elself Vector Then 

n=t2 

40 Call pLineV(t1, d, n) 

Else 

Call pLine(t1,d,t2,c2) 
End If 

45 Case "D" 'Dotted transitions *********************** 
If NewLine Then 

Call CountErrors("Dotted command out of order, ErrorMsg) 
Exit For 
End If 

50 DotOn = True 
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t1 = CDbl(Format(Ws.Cells(i, 2).value, dPIaces)) 
d = Ws.Cells(i, 3).value 
If lsEmpty(Ws.Cells(i, 4).value) Then 

t2 = t1 - 1 'make sure t2 is not used later 
5 Else 

t2 = CDbl(Format(Ws.Cells(i, 4). value, d Places)) 
End If 

c2 = Ws.Cells(i, 5). value 
If InitialHdr Then 
10 HdrNdx = HdrNdx + 1 

For j = 1 To 5 

HdrSav(j, HdrNdx) = Ws.Cells(i, j). value 
Nextj 
End If 

15 If RepeatActive Then 

SavRptNdx = SavRptNdx + 1 

SavRpt(1 , SavRptNdx) = "D" 

SavRpt(2, SavRptNdx) = CStr(t1) 

SavRpt(3, SavRptNdx) = d 
20 SavRpt(4, SavRptNdx) = CStr(t2) 

SavRpt(5, SavRptNdx) = c2 
Elself Vector Then 

n =t2 

Call pLineV(t1,c1,n) 
25 Else 

Call pLine(t1,c1,t2,c2) 
End If 

Case "L" 'And "LV" Labels 
30 InitialHdr = False 

Call eLine 

If Right(TestStr, 1) = , V"Then 
Vector = True 
Else 

35 Vector = False 

End If 

d = Ws.Cells(i, 2). value 
n = Ws.Cells(i, 3).value 
Call pLabel(c1, n) 
40 NewLine = False 

Case "G" 'Glitches 
If NewLine Then 

Call CountErrorsfGlitch command out of order", ErrorMsg) 
45 Exit For 

End If 

t1 = CDbl(Format(Ws.Cells(i, 2).value, dPIaces)) 
d =Ws.Cells(i, 3).value 
c2 = Ws.Cells(i, 4).value 
50 If InitialHdr Then 
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HdrNdx = HdrNdx + 1 
Forj = 1 To 4 

HdrSavQ, HdrNdx) = Ws.Cells(i, j). value 
Next j 

5 End If 

If RepeatActive Then 
SavRptNdx = SavRptNdx + 1 
SavRpt(1 , SavRptNdx) = "G" 
SavRpt(2, SavRptNdx) = CStr(t1) 
10 SavRpt(3, SavRptNdx) = d 

SavRpt(4, SavRptNdx) = c2 
Else 

Call pGlitch(t1, d,c2) 
End If 

15 

Case "R" 'Repeats *********************** 
Vector = False 
U. If InitialHdrThen 

S HdrNdx = HdrNdx + 1 

Si 20 Forj = 1 To 5 

g HdrSavQ, HdrNdx) = Ws.Cells(i, j).value 

[J Next j 

l m End If 

|5 If RepeatActive Then This must be a new repeat command 

25 Call pRepeat 'So process the old one first 

End If 

RepeatActive = True 
NewLine = False 
SavRptNdx = 0 
30 RptText = Ws.Cells(i, 2).value 'Label text 

RptLevel = Ws.Cells(i, 3).value 'Initial level 
RptStep = CDbl(Format(Ws.Cells(i, 4).value, dPIaces)) 
RptNum = Ws.Cells(i, 5).value 

^ C3S© "C" 'Cyci© *****^****^********** 

If Not InitialHdrThen 

Call CountErrors("Header command must precede Cycle command!", ErrorMsg) 
Abort = True 
Exit For 
40 Else 

DotOn = False 

If RepeatActive Then Call eLine 
tCycle = Ws.Cells(i, 2).value 'Period of cycle 
nCycle = Ws.Cells(i, 3). value '# of cycles in plot 
45 tBase = (RE - TO) / (tCycle * nCycle) 

first = Ws.Cells(i, 4). value '# of first cycle 
n = Ws.Cells(i, 5).value "# of cycles to plot per page 
d = Ws.Cells(i, 6). value 'Optional text 
t2 = CDbl(Format(Ws.Cells(i, 7).value, dPIaces)) 'Break time 
50 t3 = CDbl(Format(Ws.Cells(i, 8).value, dPIaces)) 'Resume time 



s 



22 



Attorney's Docket No. RA-5425 
12/20/2001 



PATENT APPLICATION 
Express Mail No. ET351442297US 



Call pCycles(tCycle, nCycle, first, n, d, t2, t3) 
End If 

Case "H" 'Header *********************** 
5 DotOn = False ^ 

If RepeatActive Then Call eLine 

Restore = False 

d = Ws.Cells(i, 2).value 

t1 = CDbl(Format(Ws.Cells(i, 3).value, dPIaces)) 
10 Call pHeader(c1 , t1 ) 

InitialHdr = True 'Capture the new header commands 

HdrNdx = 0 'Reset the header index pointer 



Case "M" 'Marks 
15 If InitialHdr Then 

HdrNdx = HdrNdx + 1 
For j = 1 To 12 

HdrSavfl, HdrNdx) = Ws.Cells(i, j). value 
Nextj 

20 End If 

DotHold = DotOn 
DotOn = False 

If lsNumeric(Ws.Cells(i, 2).value) Then 'Add random marks 
n =2 

25 t1 = CDbl(Format(Ws.Cells(i, n). value, d Places)) 

While t1 > 0 
Call pMark(t1, Dotted) 
n = n + 1 
t1 =0 

30 t1 = CDbl(Format(Ws.Cells(i, n).value, dPIaces)) 

Wend 

Else 'Add a repeated pattern of marks 
MarkRepeats = Ws.Cells(i, 3).value '# of time to repeat cycle 
MarkCycle = Ws.Cells(i, 4).value 'Period of cycle 
35 Ts = 0 

x = (nCycle + (TOBase / tCycle)) * tCycle 
Do 
n = 5 

t1 = CDbl(Format(Ws.Cells(i, n).value, dPIaces)) 
40 While t1 > 0 

If t1 + Ts + TOBase > x Then Exit Do 
Call pMark(t1 + Ts + TOBase, n - 2) 
n = n + 1 
t1 =0 

45 t1 = CDbl(Format(Ws.Cells(i, n).value, dPIaces)) 

Wend 

Ts = Ts + MarkCycle 
MarkRepeats = MarkRepeats - 1 
Loop Until MarkRepeats = 0 
50 End If 
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DotOn = DotHold 

Case "P" 'Phases 
DotOn = False 
5 If RepeatActive Then Call eLine 

t1 = CDbl(Format(Ws.Cells(i, 2).value, dPIaces)) 
t2 = CDbl(Format(Ws.Cells(i, 3).value, dPIaces)) 
n = Ws.Cells(i, 4).value 
d = Ws.Cells(i, 5). value 
10 t3 = Ws.Cells(i, 6).value 

NumPhs = NumPhs + 1 
SavPhs1(NumPhs) = t1 
SavPhs2(NumPhs) = t2 
SavPhs3(NumPhs) = 0 
15 SavPhs4(NumPhs) = n 

SavPhs5(NumPhs) = d 
SavPhs6(NumPhs) = t3 
Call Phases(t1,t2, 0, n,d,t3) 

20 Case "I" 'Info *********************** 
If RepeatActive Then Call eLine 
H c1 = Ws.Cells(i, 2).value 

W opt = Ws.Cells(i, 3).value 

K typ = Ws.Cells(i, 4).value 

» 25 t1 = CDbl(Format(Ws.Cells(i, 5).value, dPIaces)) 

k* t2 = CDbl(Format(Ws.Cells(i, 6).value, dPIaces)) 

fU Call plnfo(c1 , opt, typ, t1 , t2) 

s"~^: ^^ss© "C^" *C3 ption s "ff'tt'ttft'tt'k'k'jt'Jrk'Jt'k'k'Jtft'Jt'k'k'k'k'fc'to'fc 

Q 30 If InitialHdrThen 

N= HdrNdx = HdrNdx + 1 

Forj = 1 To 12 

HdrSavG, HdrNdx) = Ws.Cells(i, j).value 
Next j 

35 End If 

If RepeatActive Then Call eLine 

Call Options(Ws.Cells(i, 2). value, Ws.Cells(i, 3).value, Ws.Cells(i, 4). value, Ws.Cells(i, 
5).value, Ws.Cells(i, 6).value) 

40 Case "E" 'End *********************** 
Exit For 
End Select 
Nexti 

If XDot > TO Or RepeatActive Then Call eLine 



45 



'If Not Abort Then Call MsgBox("Drawing completed!", vblnformation, VerTxt) 



' If this copy of Microsoft Excel was not already running when you 
' started, close it using the Application property's Quit method. 
50 ' Note that when you try to quit Microsoft Excel, the Microsoft Excel 
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' title bar blinks and Microsoft Excel displays a message asking if you 
1 want to save any loaded files. 
If ExcelWasNotRunning Then 
MyXL. Application. Quit 
5 End If 

Set MyXL = Nothing ' Release reference to the application and spreadsheet. 
End Sub 



10 This routine provides for the interpretation of the commands and the reading of the 

rows, line by line from the spreadsheet file and conversion to commands to be sent to the 
drawing program as was described more generally above it. The routine may of course be 
modified, in keeping with the teachings of this document, to provide additional features or 
H modifications, as may be desired by the reader. 

S 15 Thus we have described a program or set of programs that may guide a user through 

RJ a creation of a spreadsheet file to be used by one of the programs procedures to create a 

Cf timing diagram, plotable or printable by the user at will. Because of the use of the 

U1 spreadsheet file, a user can easily manipulate any number of variables within the 
spreadsheet and rest assured that these changes will modify the resultant timing diagrams 
M 20 automatically and without any additional thought or effort on the user's part. In the preferred 
S embodiment, off-the-shelf and related commercial software products are tied together to 

O accomplish the result described, making construction of the end product quite 

.SMC. 

2 straightforward. 

It should be noted that the program will function within a computer memory system 
25 designed to run it, and may be moved from one computer system to another via electronic 
signaling or by being carried in a transportable medium such as a floppy disk or CD. 

The only limit on the scope of the invention is set forth in the following appended 

claims. 
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